Plain Language Summary {#s0001}
======================

The present study aimed to explore whether two drugs (olodaterol and formoterol) commonly used for the treatment of chronic obstructive pulmonary disease (COPD) are associated with irregular heartbeats (arrhythmias) or changes in heart rate. This consideration is based on the fact that these drugs belong to a class called long-acting β~2~-agonists (LABAs). These drugs have the potential to affect heart rhythm in individuals with COPD, which could be detrimental to their health. To better understand this, the heart rhythm of a group of patients taking olodaterol and formoterol in four clinical trials was monitored at pre-specified time points during the study using a 24-hour wearable Holter electrocardiogram recorder. Combined data from these studies show that treatment with olodaterol and formoterol did not cause adverse changes in heart rhythm. Small, temporary increases in heart rate were seen with both drugs, but these were not persistent at the end of the 48-week observation period. Therefore, we conclude that treatment with olodaterol or formoterol is not associated with arrhythmias or persistent increases in heart rate.

Background {#s0002}
==========

Chronic obstructive pulmonary disease (COPD) is associated with cardiovascular (CV) comorbidities, hospitalization and death.[@cit0001],[@cit0002] These comorbidities include thromboembolic disorders, myocardial ischemia and infarction, or stroke with a substantially higher prevalence in patients with COPD compared with healthy individuals.[@cit0001],[@cit0003]-[@cit0005] Other concerns for COPD patients include increased resting heart rate and cardiac arrhythmias (supraventricular and ventricular arrhythmias, and atrial fibrillation), which are risk markers for heart disease and impaired prognosis.[@cit0006]--[@cit0009] Given this background, the safety of long-acting β~2~-agonists (LABAs) in this setting should be evaluated. As a drug class, LABAs have the potential to affect cardiac characteristics such as heart rate and rhythm disturbances.[@cit0010],[@cit0011] These effects are potentially mediated by stimulation of β~2~-adrenoreceptors (ARs) in the atria, ventricles and peripheral vasculature and are opposite to those of β-blockers used to treat cardiac arrhythmias.[@cit0010],[@cit0012]-[@cit0014] Indeed, in the human heart, β~1~ and β~2~-ARs coexist in both atria and in both ventricles with a β~1~/β~2~ ratio of approximately 65/35% in the atria and 75/25% in the ventricles.[@cit0009]

Olodaterol is a more recently developed, once-daily LABA designed with the aim of improving β~2~-AR selectivity and intrinsic activity.[@cit0015] It is structurally distinct from formoterol and salmeterol. All β-agonist compounds are racemates, with the (*R*)-enantiomer being the active component and the (*S*)-enantiomer being inactive at therapeutic concentrations.[@cit0015]--[@cit0017] In vitro studies suggest that the (*S*)-enantiomer may induce tachyphylaxis or receptor desensitization.[@cit0015] Thus, pure (*R,R*)-β-agonists like olodaterol provide bronchodilation at lower doses than the racemate, potentially allowing for fewer β~2~-AR-mediated side effects.[@cit0015]

Although a previous analysis showed that long-term administration of olodaterol or formoterol does not adversely influence heart rate or blood pressure in patients with moderate-to-severe COPD,[@cit0013] there is a lack of data on long-term effects of LABAs on heart rhythm. To address this and test the hypothesis that a greater selectivity of olodaterol may translate into lower cardiac side effects, we conducted an extensive analysis of Holter electrocardiogram (ECG) data collected from subsets of patients taking part in four 48-week, randomized, double-blind, placebo-controlled, parallel-group, Phase III trials assessing olodaterol 5 µg or 10 µg, or formoterol 12 µg, versus placebo in patients with Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage 2--4 (ie moderate-to-very-severe) COPD. Here, we report the findings from a pooled analysis of studies 1222.11--14.

Methods {#s0003}
=======

Study Design {#s0003-s2001}
------------

Studies 1222.11 and 1222.12 were 48-week, randomized, double-blind, placebo-controlled, parallel-group, Phase III replicate trials. Detailed study methods have been published previously.[@cit0018] Overall, 1,266 patients with moderate-to-very-severe COPD (GOLD stage 2--4) were treated with olodaterol 5 μg, olodaterol 10 μg or placebo delivered once daily via Respimat® Soft Mist™ inhaler (SMI).[@cit0018] The co-primary efficacy endpoints were forced expiratory volume in 1 second (FEV~1~) area under the curve 3 hours post-dose (AUC~0--3~) response (change from baseline) and trough FEV~1~ response (measured as pre-dose FEV~1~) at 12 weeks.[@cit0018]

Studies 1222.13 and 1222.14 were 48-week, randomized, double-blind, placebo-controlled, parallel-group, Phase III trials. Detailed study methods have been published previously.[@cit0019] Overall, 1,838 patients with moderate-to-very-severe COPD (GOLD stage 2--4) were treated with olodaterol (5 or 10 μg) once daily (via SMI), 12 μg formoterol twice daily (via Aerolizer® dry powder inhaler \[DPI\]) or placebo (SMI/DPI, double-dummy).[@cit0019] The co-primary efficacy endpoints were FEV~1~ AUC~0--3~ response, trough FEV~1~ response and Mahler transition dyspnea index after 24 weeks of treatment.[@cit0019]

All of the four studies, except for the additional comparison with formoterol in studies 1222.13 and 1222.14, had an identical design, thereby enabling complete pooling of the safety data.

Inclusion and exclusion criteria were also the same for the four studies. Patients with COPD aged ≥40 with a smoking history of \>10 pack-years and a post-bronchodilator FEV~1~ of \<80% predicted were included. Patients were excluded if they had a significant disease other than COPD, a history of asthma, of myocardial infarction within 1 year of screening, unstable or life-threatening cardiac arrhythmia, life-threatening pulmonary obstruction, if they regularly used daytime oxygen therapy or were currently in, or had recently completed, a pulmonary rehabilitation program.

Sub-Analyses on Holter ECGs {#s0003-s2002}
---------------------------

In each study, 24-hour Holter monitoring was performed in a subset of patients at selected sites who were capable of and trained to handle centralized Holter ECG monitoring. All patients at selected sites were invited to participate in this sub-study. Holter monitoring was performed in patients giving informed consent to participate in the sub-study and capable of carrying and returning the equipment after 24 hours. Two hundred patients (50 patients per treatment group) participated in studies 1222.11/12/13 and 175 patients in study 1222.14. Sites were provided with standard equipment by the sponsor (12-Lead Mortara H12+ Digital Holter Recorder, eResearchTechnology, Inc, Philadelphia, USA). Holter ECG recordings were transferred to the central vendor (eResearchTechnology, Inc) for review by a cardiologist before data upload to the study database. Holter monitoring was to be performed in a subset of up to 800 patients prior to randomization at Visit 2 (baseline), and during randomized treatment at Visit 5 (Day 85, Week 12), Visit 7 (Day 169, Week 24), Visit 9 (Day 281, Week 40) and Visit 10 (Day 337, Week 48).

Statistical Analysis {#s0003-s2003}
--------------------

The 24-hour Holter ECG records were evaluated for mean heart rate, as well as the number of supraventricular premature beats (SVPBs) and ventricular premature beats (VPBs) in a pre-specified analysis. Increase or decrease in SVPBs and VPBs from baseline on treatment was established using two-way shift tables. Shifts were defined based on predefined cut-offs with the following categories: \<10, ≥10 to \<30, ≥30 to \<50, ≥50 to \<100, ≥100 to \<500, ≥500 to \<1000, ≥1000 to \<2000 and ≥2000 premature beats in 24 hours. The number of individuals who moved from one category to another (increase, decrease or no change) was then calculated. Categories assigned at baseline and at Weeks 12, 24, 40 and 48 were compared to give shifts in SVPBs and VPBs. The shift proportions were tested for significant differences between treatments and differences in the frequency of shifts (increase, decrease or unchanged from baseline) were evaluated between treatments using Chi-squared testing. Additional data were collected across all studies on the heart rates measured by the Holter ECGs. Adjusted mean changes from baseline and treatment differences for the 24-hour Holter ECG mean heart rates were analyzed using a mixed-effect model repeat measurement with fixed effects for treatment, visit, treatment-by-visit interaction, baseline and baseline-by-visit interaction. Patient is considered a random variable and an unstructured covariance structure was used. P\<0.05 was considered a significant difference for all post hoc statistical analyses at an alpha level of 0.05.

Results {#s0004}
=======

Baseline Demographics {#s0004-s2001}
---------------------

In total, 775 patients were included in Holter ECG monitoring subsets. The patient characteristics of all studies have been described previously.[@cit0018],[@cit0019] Baseline demographics for the subset of patients included in the Holter ECG examinations are displayed in [Table 1](#t0001){ref-type="table"} and were generally representative of the whole study populations.[@cit0020] The subset consisted of 68.4% males, with a mean age of 63.1 years. When classified by GOLD, the majority of patients were GOLD stage 2 (52.3%) or GOLD stage 3 (39.5%), with 7.9% classified as GOLD stage 4. At baseline, 13.6% of patients had documented pre-existing conditions of cardiac arrhythmia and 14.5% of patients had ischemic heart disease. With regard to CV risk, the Holter subset was representative of the full study population[@cit0020] in relation to their CV medication presented at baseline. However, the Holter subset had a slightly higher incidence of cardiac arrhythmia compared with the full study population ([[Supplementary Table 1](https://www.dovepress.com/get_supplementary_file.php?f=246353.docx)]{.ul}). Overall, the treatment groups were well balanced; however, a lower percentage of patients (48.8%) in the formoterol 12 μg group were affected by CV disease at baseline compared with the other treatment groups (62.8% for the olodaterol 10 μg group, 62.6% for the olodaterol 5 μg group and 57.1% for the placebo group; [Table 1](#t0001){ref-type="table"}).Table 1Baseline Demographics of Holter ECG Subgroups (1222.11, 1222.12, 1222.13 and 1222.14)CharacteristicsPlacebo (N=226)Olo 5 µg (N=235)Olo 10 µg (N=234)Form 12 µg (N=80)Male, n (%)150 (66.4)163 (69.4)157 (67.1)60 (75.0)Age, mean (SD), years63.9 (7.9)62.8 (8.5)62.8 (8.6)62.5 (8.8)Smoking status, n (%)\
 Ex-smoker\
 Current smoker\
125 (55.3)\
101 (44.7)\
131 (55.7)\
104 (44.3)\
128 (54.7)\
106 (45.3)\
46 (57.5)\
34 (42.5)BMI, mean (SD), kg/m^2^26.2 (6.4)27.4 (6.8)26.2 (6.4)24.0 (5.2)FEV~1~% predicted normal, mean (SD)46.4 (15.0)44.6 (14.4)44.4 (15.3)44.3 (15.1)GOLD stage, n (%)\
 1 (≥80%)\
 2 (50% to \<80%)\
 3 (30% to \<50%)\
 4 (\<30%)\
1 (0.4)\
132 (58.4)\
74 (32.7)\
19 (8.4)\
1 (0.4)\
119 (50.6)\
98 (41.7)\
17 (7.2)\
1 (0.4)\
114 (48.7)\
102 (43.6)\
17 (7.3)\
0 (0.0)\
40 (50.0)\
32 (40.0)\
8 (10.0)Holter heart rate, mean (SD)81.0 (9.7)81.1 (10.2)82.2 (11.4)82.2 (11.7)Cardiovascular disease, n (%)129 (57.1)147 (62.6)147 (62.8)39 (48.8)Cardiac arrhythmia, n (%)\
 Tachyarrhythmia (tachycardia)\
 Supraventricular tachyarrhythmia\
 Atrial fibrillation or flutter\
 Ventricular tachyarrhythmia (ventricular arrhythmia)\
 Bradyarrhythmia (bradycardia)41 (18.1)\
21 (9.3)\
8 (3.5)\
7 (3.1)\
13 (5.8)\
19 (8.4)45 (19.1)\
23 (9.8)\
4 (1.7)\
3 (1.3)\
18 (7.7)\
21 (8.9)40 (17.1)\
21 (9.0)\
6 (2.6)\
4 (1.7)\
17 (7.3)\
21 (9.0)9 (11.3)\
3 (3.8)\
1 (1.3)\
0 (0.0)\
1 (1.3)\
5 (6.3)Ischemic heart disease^a^, n (%)\
 Myocardial infarction^b^\
 Other ischemic heart disease (non-infarction)28 (12.4)\
11 (4.9)\
23 (10.2)35 (14.9)\
11 (4.7)\
30 (12.8)42 (17.9)\
11 (4.7)\
37 (15.8)7 (8.8)\
3 (3.8)\
6 (7.5)Cardiac failure, n (%)6 (2.7)5 (2.1)9 (3.8)1 (1.3)Cerebrovascular disorders, n (%)9 (4.0)10 (4.3)11 (4.7)1 (1.3)Hypertension, n (%)94 (41.6)122 (51.9)107 (45.7)29 (36.3)Diabetes mellitus, n (%)27 (11.9)40 (17.0)33 (14.1)8 (10.0)Cardiovascular medication, n (%) Any cardiovascular medication^c^151 (66.8)171 (72.8)168 (71.8)47 (58.8) β−blockers34 (15.0)35 (14.9)24 (10.3)5 (6.3) Other cardiovascular medication^d^151 (66.8)170 (72.3)165 (70.5)46 (57.5)Respiratory medications, n (%) SAMA56 (24.8)49 (20.9)52 (22.2)17 (21.3) LAMA67 (29.6)67 (28.5)71 (30.3)25 (31.3) SABA133 (58.8)102 (43.4)108 (46.2)34 (42.5) LABA93 (41.2)136 (57.9)141 (60.3)40 (50.0) ICS105 (46.5)110 (46.8)110 (47.0)35 (43.8)[^1][^2]

Holter ECG Data {#s0004-s2002}
---------------

### Shift in SVPB {#s0004-s2002-s3001}

Neither medically relevant nor statistically significant differences were observed in the SVPB shifts (ie, proportion of patients whose SVPB increased or decreased from baseline) with the active treatments---olodaterol 5 µg, olodaterol 10 μg and formoterol 12 µg---compared with placebo (p-values = 0.3087, 0.9024, 0.4355 and 0.4857 for Week 12, Week 24, Week 40 and Week 48, respectively, Chi-squared test; [Figure 1](#f0001){ref-type="fig"}). At Week 48, 38 (23.3%), 43 (25.3%), 32 (18.5%) and 16 (26.7%) patients had an increase in SVPBs from baseline, and 47 (28.8%), 51 (30.0%), 65 (37.6%) and 19 (31.7%) patients had a decrease from baseline with placebo, olodaterol 5 µg, olodaterol 10 µg and formoterol 12 µg, respectively.Figure 1Shifts in SVPB: olodaterol and formoterol vs placebo at (**A**) Week 12, (**B**) Week 24, (**C**) Week 40 and (**D**) Week 48.P-values for overall differences between category of change and category of treatment calculated by Chi-squared frequency tests; Numbers above the bars are % of patients whereas numbers within the bars are number of patients.**Abbreviations:** Form, formoterol; Olo, olodaterol; SVPB, supraventricular premature beats.

### Shift in VPB {#s0004-s2002-s3002}

Neither medically relevant nor statistically significant differences were observed in the VPB shifts with the active treatments---olodaterol 5 µg, olodaterol 10 μg and formoterol 12 µg---compared with placebo (p-values = 0.6021, 0.3592, 0.6850 and 0.3256 for Week 12, Week 24, Week 40 and Week 48, respectively, Chi-squared test; [Figure 2](#f0002){ref-type="fig"}). At Week 48, 35 (21.5%), 45 (26.5%), 44 (25.4%) and 10 (16.7%) patients had an increase in VPBs from baseline, and 54 (33.1%), 46 (27.1%), 45 (26.0%) and 13 (21.7%) had a decrease from baseline with placebo, olodaterol 5 µg, olodaterol 10 µg and formoterol 12 µg, respectively.Figure 2Shifts in VPB: olodaterol and formoterol vs placebo at (**A**) Week 12, (**B**) Week 24, (**C**) Week 40 and (**D**) Week 48.P-values for overall differences between category of change and category of treatment calculated by Chi-squared frequency tests; Numbers above the bars are % of patients whereas numbers within the bars are number of patients.**Abbreviations:** Form, formoterol; Olo, olodaterol; VPB, ventricular premature beats.

Holter ECG Heart Rate Data {#s0004-s2003}
--------------------------

Overall, numerically small and not clinically relevant differences in the mean heart rate from baseline were observed during treatment. The mean heart rate at baseline was similar between the treatment groups (81.0 beats per minute \[bpm\] for placebo, 81.1 bpm for olodaterol 5 μg, 82.2 bpm for olodaterol 10 μg and 82.2 bpm for formoterol 12 μg; [Figure 3A](#f0003){ref-type="fig"}). During the long-term treatment, there was a numerically small but statistically significant increase with formoterol at Week 24 (+2.9 bpm; p=0.0022), olodaterol 5 μg at Week 12 (+1.1 bpm; p=0.0186) and Week 40 (+1.6 bpm; p=0.0146), and olodaterol 10 μg at Week 40 (+1.7 bpm, p=0.0068) ([Figure 3B](#f0003){ref-type="fig"}). At Week 48, no significant changes from baseline were observed for any treatment.Figure 3Unadjusted baseline heart rate (**A**) and adjusted mean change in heart rate from baseline (**B**): olodaterol and formoterol vs placebo during treatment. \*P\<0.05. P-values are for adjusted mean change from baseline.**Abbreviations:** bpm, beats per minute; Form, formoterol; Olo, olodaterol; SD, standard deviation; SE, standard error.

Safety (Adverse Events) {#s0004-s2004}
-----------------------

During the 48 weeks of treatment, there was no increase in the number of patients with major adverse CV events (MACE; including cardiac disorder, vascular disorder, myocardial infarction, stroke, sudden death, cardiac death and sudden cardiac death) or fatal MACE with olodaterol (5 µg or 10 µg) or formoterol compared with placebo (MACE: 5 \[2.1%\], 8 \[3.4%\], 2 \[2.5%\] and 9 \[4.0%\], respectively; fatal MACE \[including death unknown\]: 2 \[0.9%\], 1 \[0.4%\], 1 \[1.3%\] and 2 \[0.9%\], respectively) ([Table 2](#t0002){ref-type="table"}). Incidence of cardiac arrhythmia was similar across treatments. The number of patients with cardiac arrhythmia in the olodaterol (5 µg or 10 µg) or formoterol groups was similar compared with the placebo group (supraventricular tachyarrhythmia: 4 \[1.7%\], 5 \[2.1%\], 4 \[5.0%\] and 9 \[4.0%\], respectively; atrial fibrillation or flutter: 2 \[0.9%\], 3 \[1.3%\], 1 \[1.3%\] and 6 \[2.7%\], respectively; ventricular tachyarrhythmia: 15 \[6.4%\], 12 \[5.1%\], 7 \[8.8%\] and 8 \[3.5%\]) ([Table 2](#t0002){ref-type="table"}).Table 2Adverse Events of Holter ECG SubgroupsPatients, n (%)Placebo (N=226)Olo 5 µg (N=235)Olo 10 µg (N=234)Form 12 µg (N=80)Cardiac arrhythmia Supraventricular tachyarrhythmia9 (4.0)4 (1.7)5 (2.1)4 (5.0) Atrial fibrillation or flutter6 (2.7)2 (0.9)3 (1.3)1 (1.3) Ventricular tachyarrhythmia8 (3.5)15 (6.4)12 (5.1)7 (8.8)Ischemic heart disease Myocardial infarction5 (2.2)2 (0.9)8 (3.4)1 (1.3) Other ischemic heart disease (non-infarction)4 (1.8)3 (1.3)6 (2.6)0 (0.0)Cardiac failure1 (0.4)1 (0.4)1 (0.4)1 (1.3)Cerebrovascular disorders\
 Hemorrhagic\
 Ischemic\
1 (0.4)\
3 (1.3)\
1 (0.4)\
3 (1.3)\
0 (0.0)\
2 (0.9)\
0 (0.0)\
0 (0.0)MACE9 (4.0)5 (2.1)8 (3.4)2 (2.5)Fatal MACE (including death unknown)2 (0.9)2 (0.9)1 (0.4)1 (1.3)[^3]

Discussion {#s0005}
==========

Airway obstruction and lung hyperinflation are characteristics of COPD.[@cit0021] Previous echocardiography data show that lung hyperinflation leads to impaired left ventricular diastolic filling and global right heart dysfunction in patients with COPD.[@cit0021]--[@cit0023] These mechanisms, alongside hypoxia, chemoreflexes and reduced baroreflexes, may cause neurohumoral activation and increased heart rate.[@cit0024] Bronchodilators exhibit beneficial effects on daily physical activity, endurance time, hyperinflation and ventricular filling.[@cit0023],[@cit0025] Consequently, they have the potential to improve cardiac function[@cit0026] and reduce neurohumoral activation and heart rate.[@cit0024]

However, there is an ongoing debate about the long-term cardiac safety of cardioactive inhaled pulmonary drugs, such as LABAs, in patients with COPD and concomitant CV morbidities.[@cit0027] Indeed, LABAs have the potential to induce increased heart rate through stimulation of β~2~-ARs in the heart.[@cit0009] For example, salmeterol has been associated with an acute heart rate increase but its cardiac safety has been demonstrated with a longer treatment duration.[@cit0009] Given this background and that increased heart rate is associated with a higher mortality in patients with COPD, it was of interest to investigate the effect of the LABAs olodaterol and formoterol on cardiac parameters using Holter ECG monitoring. Continuous Holter ECGs are commonly used to diagnose and monitor cardiac arrhythmias,[@cit0028] and the European Society of Cardiology guidelines recommend 24--48 hours' continuous Holter recording when arrhythmia is known or suspected to occur.[@cit0029]

Olodaterol is a once-daily LABA designed to improve β~2~-AR selectivity and intrinsic activity compared with formoterol and salmeterol.[@cit0015],[@cit0030] Phase III trials show that olodaterol 5 μg administered using an SMI induces the fast onset of bronchodilation with significant lung function improvements up to 48 weeks in patients with moderate-to-very-severe COPD.[@cit0015]

This paper reports the results of an analysis of Holter ECG data from a subset of patients receiving either olodaterol 5 μg or 10 μg, formoterol 12 μg or placebo in four Phase III trials (1222.11--14). The purpose of the analysis was to examine the cardiac safety of two LABAs and determine whether the structural difference between olodaterol and formoterol results in an observable difference in the safety profiles of the drugs.

Our analysis included a large cohort of 775 patients. Treatment groups were well balanced but there was a lower percentage of patients (48.8%) in the formoterol 12 μg group affected by CV disease at baseline compared with the other treatment groups (62.8% for the olodaterol 10 μg group, 62.6% for the olodaterol 5 μg group and 57.1% for the placebo group; [Table 1](#t0001){ref-type="table"}). This may mean that any effect of formoterol on Holter ECG parameters was less likely to occur in this group compared with the potentially higher risk inherent in the olodaterol groups. However, the analysis shows that there was no evidence of a pro-arrhythmic SVPB and VPB effect for olodaterol 5 µg or 10 µg, or formoterol 12 µg, compared with placebo. With respect to heart rate, only small and transient changes were observed over the 48 weeks of treatment for all treatment groups. It remains uncertain whether these small increases in the mean heart rate, which were statistically significant with formoterol at Week 24, olodaterol 5 μg at Week 12 and Week 40, and olodaterol 10 μg at Week 40, should be attributed to the direct pharmacologic effects of bronchodilators or to increased physical activity following bronchodilation therapy or both.[@cit0031] A similar trend was observed for placebo over the 48 weeks of treatment and this might indicate a progression of the disease; however, the observation of longer treatment periods may allow the drawing of stronger conclusions. We also found no increase in the number of patients with fatal or major adverse CV events or changes in heart rhythm with any active drug compared with placebo. These results are in line with previous studies demonstrating the cardiac safety of olodaterol and formoterol in patients with COPD.[@cit0013],[@cit0032]

Neither the structural differences between olodaterol and formoterol nor the difference in baseline CV disease seems to have influenced the analysis outcome. This may not be surprising given the likely low systemic bioavailability of the inhaled drugs.[@cit0033] Moreover, the high selectivity, high intrinsic activity and enantiopurity of olodaterol allow lower microgram dose amounts compared with other LABAs.[@cit0018],[@cit0034] As a consequence of lower doses, less active drug is available for a systemic distribution. Indeed, pharmacokinetic evaluation shows that inhaled olodaterol plasma concentrations decline quickly (37--56% of maximum measured concentration at 6 hours on regular treatment following inhalation of 10 and 20 μg olodaterol); furthermore, trough plasma concentrations were mostly below the limit of quantification (2.0 pg/mL) following inhalation of olodaterol 5 μg once daily and were quantifiable in only one-third of patients after olodaterol 5 μg twice daily and 10 μg once daily.[@cit0015],[@cit0035]

To our knowledge, this study represents one of the largest and most detailed databases of Holter ECG data in COPD---involving 775 patients---and benefits from the availability of baseline and follow-up data for multiple defined time points and treatment groups. Furthermore, the Holter monitoring enables accurate collection of 24-hour heart rate data during both rest and daily activity. Nevertheless, this analysis also has some limitations. Study sites that were not able to perform Holter ECGs and patients who were not capable of carrying the device were not included in the analysis. Therefore, the subset of patients included in this analysis were not selected at random. At baseline, the Holter subset was representative of the full study population in terms of CV medication but had a slightly higher incidence of arrhythmia. The small difference in cardiac arrhythmia may be explained by the fact that patients in the Holter subset were being treated at specialist hospitals more likely to detect arrhythmia or that they volunteered to be screened as they were familiar with the equipment from previous screening. Additionally, around half of the patients included in the Holter analysis who were treated with a LABA during the trial were receiving LABA therapy at baseline. Previous studies have suggested that an increased risk of CV disease is limited to the initiation of inhaled LABA therapy;[@cit0036] however, due to the nature of this post hoc analysis, we are unable to investigate whether prior medication had any effect on outcomes. The current post hoc analysis provides useful data in addition to the current literature; however, to detect statistically significant differences of this small magnitude would require a larger study population. Furthermore, although this is a large database, the sample size did not allow reliable detection of differences in rare events such as ventricular tachycardia or sudden cardiac death. Patients with more unstable CV diseases may have been excluded from the trials and subsequent Holter ECG subset. Therefore, further work is needed to study patients with more unstable CV diseases. In this post hoc analysis, the larger treatment groups were broadly well balanced; however, by chance, the smaller formoterol group had fewer cardiovascular risk factors. Despite this, we do not feel that this imbalance has impacted the results of this study.

Conclusions {#s0006}
===========

These data provide reassurance for clinicians that long-term treatment with olodaterol or formoterol, as assessed by Holter ECG, is associated with neither an increased risk of cardiac arrhythmias nor a major impact on heart rate in patients with GOLD 2--4 COPD.

All authors take responsibility for all aspects of the reliability and freedom from bias of the data presented and their discussed interpretation.

Abbreviations {#s0007}
=============

AR, adrenoreceptor; AUC~0--3~, area under the curve 3 hours post-dose; bpm, beats per minute; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; DPI, dry powder inhaler; ECG, electrocardiogram; FEV~1~, forced expiratory volume in 1 second; GOLD, Global Initiative for Chronic Obstructive Pulmonary Disease; LABA, long-acting β~2~-agonist; MACE, major adverse cardiovascular event; SMI, Soft Mist™ inhaler; SVPB, supraventricular premature beat; VPB, ventricular premature beat.
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[^1]: ^a^Includes angina pectoris, arteriosclerosis coronary artery, blood creatinine phosphokinase increase, coronary angioplasty, coronary arterial stent insertion, coronary artery bypass, coronary artery disease, ECG T wave abnormal, ECG T wave inversion, ischemic cardiomyopathy, myocardial infarction, myocardial ischemia and silent myocardial infarction; ^b^Includes conditions attributed to infarction, including blood creatinine phosphokinase increase, myocardial infarction and silent myocardial infarction; ^c^Includes β-blockers and other cardiovascular medication; ^d^Agents acting on the renin-angiotensin system, antihypertensives, antithrombotic agents, calcium channel blockers, diuretics, lipid-modifying agents, other cardiac therapy, peripheral vasodilators and vasoprotectives.

[^2]: **Abbreviations:** BMI, body mass index; ECG, electrocardiogram; FEV~1~, forced expiratory volume in 1 second; Form, formoterol; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroid; LABA, long-acting β~2~-agonist; LAMA, long-acting muscarinic antagonist; Olo, olodaterol; SABA, short-acting β~2~-agonist; SAMA, short-acting muscarinic antagonist; SD, standard deviation.

[^3]: **Abbreviations:** ECG, electrocardiogram; Form, formoterol; MACE, major adverse cardiovascular events (including cardiac disorder, vascular disorders, myocardial infarction, stroke, sudden death, cardiac death and sudden cardiac death); Olo, olodaterol.
